Abstract The objective of the present study was to investigate the changes in a large panel of emergent geriatric biomarkers in long-term trained elderly men to analyze the effects of long-term exercise on an aged population. We collected blood samples from two groups of male volunteers older than 65 years who maintain a measure of functional independence: one group of sedentary subjects without a history of regular physical activity and the other of subjects who have sustained training, starting during adulthood (mean training time=49±8 years). We studied morbidity, polypharmacy, cellular and serological inflammatory parameters, and endocrine mediators. After adjusting for confounding factors, we observed reduced medication intake per subject and lower number of diseases per subject with statistical differences nearly significant in the long-term exercise group. We showed that long-term training was associated with lower levels of white blood cell counts, neutrophil counts, interleukin-6, interleukin-10, interleukin-1 receptor antagonist, and soluble TNF receptor-I. Furthermore, we noted an increase in the concentrations of insulin-like growth factor-1 and dehydroepiandrosterone in the long-term training group. We concluded that long-term exercise training from adulthood to old age is clearly associated with a healthy profile of emergent geriatric biomarkers. Long-term training could improve the inflammatoryendocrine imbalance associated with disease, frailty, functional decline, and mortality in elderly men. Our results point to the benefits of prolonged exercise from adulthood to old age.
consequences of aging (Cappola et al. 2003; JugeAubry et al. 2003) . This imbalance, mostly related to abnormalities in endocrine and inflammatory mediator levels, might facilitate several medical conditions that, in turn, induce morbidity, disability, frailty, and mortality in the elderly population (Joseph et al. 2005) .
Both the increase in proinflammatory mediators and the decline in growth factors have been described as important contributors to age-related decline. Low levels of gonadal hormones, serum 25-hydroxyvitamin D, growth hormone (GH), and insulin-like growth factor-1 (IGF-1) have been implicated in atherosclerosis, sarcopenia, osteoporosis, metabolic syndrome, and disability (Maggio et al. 2005; O'Connor et al. 2008; Aldred et al. 2009 ). Several studies have proposed subclinical chronic inflammation, defined by a two-to fourfold increase in proinflammatory mediators, such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), interleukin-1β (IL-1β), interferon-γ (IFN-γ), or white blood cell counts (WBC), as an underlying biological mechanism responsible for decline in the elderly (De Martinis et al. 2006; de Gonzalo-Calvo et al. 2010) . Geriatric syndromes, such as frailty and age-related diseases like Alzheimer's disease, Parkinson's disease, hypertension, type 2 diabetes, and cognitive decline, are initiated or worsened by chronic inflammation (Bruunsgaard et al. 2003; Chung et al. 2009 ). Chronic inflammation is also a robust predictor of both disability and mortality even in the absence of clinical disease (Beavers et al. 2010a ). Moreover, there are several reasons to expect that chronic low-grade inflammation and endocrine decline are intimately associated. Proinflammatory cytokines often act as negative regulatory signals that temper the action of hormones and growth factors (O'Connor et al. 2008) . The circulating and intramuscular concentration of IGF-1 and the responsiveness of muscle to IGF-1 stimulation are reduced in most medical conditions that are characterized by high circulating levels of proinflammatory cytokines (Frost and Lang 2003) .
Targeted interventions might slow the ageassociated decline of functional capacity and performance and prolong the disability-free lifespan in the elderly population (Topinkova 2008) . One of the possible strategies that experts propose to attenuate or to slow aged-related decline is exercise. Regular and moderate physical activity is a relatively side-effectfree strategy to improve significantly the quality of life of the elderly. There is evidence that regular exercise can minimize the deleterious effects of the modern sedentary lifestyle and limit the development and progression of chronic disease and frailty conditions (Ji et al. 2010) , so long as it is practiced according to the current exercise guidelines (Chodzko-Zajko et al. 2009 ). It is believed that many of the benefits of exercise are associated with the improvement in the balance of inflammatory-related cytokines and anabolic hormones. Cotman and colleagues (Cotman et al. 2007) proposed that the effects of exercise on brain health (protection from neurodegenerative disorders and depression) are related to reduced inflammation impairment of growth factor signaling. Tissandier and colleagues (Tissandier et al. 2001) reported that regular physical activity could maintain higher dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate (DHEA-S), IGF-1, and lean body mass levels in elderly men. Furthermore, several investigations suggested that higher levels of physical activity are inversely correlated with circulating levels of inflammatory mediators in elderly humans (Jankord and Jemiolo 2004; Petersen and Pedersen 2005) .
The mechanisms underlying these proanabolic and anti-inflammatory effects of training are complex and not fully elucidated. Because a single bout of exercise induces an inflammatory response that is similar to that induced by infection or trauma, there is controversy surrounding whether increasing physical activity may be effective for reducing chronic inflammation in the long term, especially in older individuals (Nicklas and Brinkley 2009) . Currently, there are very limited data from clinical trials to conclude definitively that long-term exercise training reduces chronic inflammation (Beavers et al. 2010b ). The literature published on training and aging is generally associated with the topics of exercise programs or short-term training (8-12 weeks) (Polak et al. 2006; Karolkiewicz et al. 2009; Michishita et al. 2010 ); literature about long-term training (e.g., decades) is scarce, which limits knowledge about the substantial physiological adaptions associated with exercise. Because the physiological effects of exercise are dose-dependent (Urso et al. 2009 ), the duration of the training protocol seems to alter the metabolic, immune, and endocrine consequences of exercise. Indeed, Bar-Shai and colleagues (Bar-Shai et al. 2008) proposed that if physical training is initiated prior to a critical physiological threshold in younger rodents, it may prove beneficial for the muscles and bones of older animals, but not in short-term trained elderly animals. Moreover, a recent population-based cohort study of 2,205 men with follow-up over 35 years concluded that there is a graded reduction in the total mortality risk at old ages with increasing physical activity levels during middle age (Byberg et al. 2009 ). This situation emphasizes the importance of investigating long-term training in elderly humans who began training during adulthood.
Therefore, the purpose of this study was to determine several emergent endocrine and inflammatory biomarker levels in the blood of elderly men who have had sustained exercise since adulthood (mean training time=49±8 years). The study of the different endocrine and inflammatory factors in this group would enable us to investigate the effects of long-term exercise on the elderly population.
Methods

Participants
The study included two groups of men older than 65 years who maintain a measure of independence: one group of 13 sedentary subjects without a history of regular physical activity (SE group) and one group of 13 subjects who had a history of long-term training since adulthood (TE group).
To form the two groups, 13 community-dwelling men over 65 years who practiced regular physical activity were recruited from the Sports Service of Oviedo University (Oviedo, Spain), and 29 institutionalized subjects from Santa Teresa nursing home (Oviedo, Spain) were screened for inclusion. Initial evaluations were performed by experienced geriatricians and sport clinicians and included a medical and pharmacology history review, a physical examination, and a questionnaire to determine the characteristics of training. Our questionnaire is based on participants recall; therefore, we tried to make a questionnaire as simple as possible. The questionnaire only required that the participant provide data of past and current physical activities. Diseases included in the current analysis were cognitive impairment, dementia, osteoporosis, hypertension, chronic obstructive pulmonary disease, depression, heart failure, ischemic heart disease, rheumatoid arthritis, cancer, liver disease, hyperthyroidism, dyslipidemia, and diabetes. Only subjects with a Barthel Index (BI) above 85 (functional independence) were enrolled. BI is a widely used tool for the assessment of a patient's level of independence regarding the basic activities of daily life (Tiainen et al. 2010) . BI is a 10-item scale with the following items: feeding, grooming, bathing, toilet use, dressing, walking, transfers, climbing stairs, fecal incontinence, and urinary incontinence. The highest score is 100 (independence), and the lowest is 0 (total dependence) (Mahoney and Barthel 1965) . Exclusion criteria were recent or current infection, malignant disease, malnutrition, and pharmacological interference (steroids, nonsteroidal anti-inflammatory agents, immunosuppressive and antineoplastic drugs, and testosterone).
All subjects recruited from the Sports Service of Oviedo University satisfied the inclusion and exclusion criteria. These subjects trained for at least 60 min per session, three sessions per week, for the previous 40 years, and they were still practicing regular physical activity at the time of the study; therefore, they were assigned to the TE group. Training was self-directed and combined endurance (exercises in which the body's large muscles move in a rhythmic manner for sustained periods) and resistance (exercise that causes muscles to work or hold against an applied force or weight) activities (Chodzko-Zajko et al. 2009) . No breaks in the training period were reported. Of the participants from Santa Teresa nursing home, 13 subjects satisfied the inclusion and exclusion criteria. These subjects neither had a history of regular physical activity nor practiced regular exercise at the time of the study; therefore, they were assigned to the SE group.
All participants received information about the purposes and objectives of the study and signed informed consent documents. The study was approved by the Hospital Central de Asturias (Oviedo, Spain) Ethics Committee.
Blood collection
Blood samples were obtained by venipuncture following an overnight fast and 15-min rest in the morning. To analyze the usual biomarker levels in the TE group, blood was collected at least 24 h after the last exercise session. Blood samples were drawn into vacutainer tubes with gel separator for serum or containing EDTA for plasma (BD, NJ, USA). After processing, serum and plasma were divided into aliquots and stored at −80°C pending analysis.
Biochemical analysis
Total WBC, neutrophil (NEU), lymphocyte (LINF), and monocyte (MONO) counts were measured by an automated analyzer SYSMEX SF-3000 (GMI Inc., MI, USA) in a well-standardized hematology laboratory at Monte Naranco Hospital (Oviedo, Spain). All endocrine and inflammatory biomarkers were measured in duplicate using commercially available enzyme-linked immunosorbent assays according to the manufacturer's recommendations from frozen plasma and serum samples. The average of the two measures was used in the analysis. Levels of IL-6 (Gen-Probe Diaclone SAS, Besancon Cedex, France), IL-10 and soluble IL-6 receptor (sIL-6R) (Invitrogen Corp., CA, USA), soluble gp130 (sgp130), IGF-1 and GH (R&D Systems Inc., MN, USA), and monocyte chemoattractant protein-1 (MCP-1) (Bender MedSystems Inc. VI, AUT) were assayed in plasma. IL-1 receptor antagonist (IL-1ra) and TNF-α (Invitrogen Corp., CA, USA), soluble TNF receptor-I (sTNF-RI), and IL-1β (Bender MedSystems Inc. VI, AUT) levels were measured in serum samples. Plasma DHEA was measured in duplicate using an enzyme-linked immunosorbent assay based on the principle of competitive binding (IBL International, Hamburg, Germany).
Statistical analysis
Variables are expressed as the mean and the standard deviation of the mean (SD). The statistical software package, SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA), was employed for all statistical analyses.
Descriptive statistics were used to characterize the study population and to analyze age and BI differences. Categorical variables were compared between groups using chi-square test. Continuous variables were compared between groups with analysis of variance (ANOVA). The normality of the data was analyzed using the Kolmogorov-Smirnov test. Because IL-6 and GH were not normally distributed, the analyses were performed using their log values. For clarity, original values are used to describe the results.
Total number of diagnoses per subject, total number of medications per subject, and biological markers were analyzed by multivariate analysis of variance (MAN-OVA). This study was designed to evaluate associations between inflammatory and endocrine emergent biomarkers and long-term training, and their subsequent association with morbidity and polypharmacy. Therefore, all data presented were adjusted using age and functional status as covariates. However, in order to establish whether the association of emergent biomarkers levels and long-term training could be influenced by morbid conditions, the analysis was repeated using age, Barthel Index, and total number of diseases per subject as covariates. Differences were considered statistically significant when p<0.05.
Results
Characteristics of the study subjects Table 1 summarizes the demographic, clinical, and training characteristics of the study groups. Thirteen sedentary and 13 long-term exercised subjects participated in the study. The mean age was 79±4 years for the sedentary group and 74±5 years for the trained group. The functional independence grade of the SE group was elevated (BI=94±6); all participants of the TE group showed total independence (BI=100). Only the TE group was involved in long-term exercise, with a mean of four training sessions per week (range 3-7 sessions per week); each training session lasted 83 min (range 60-120 min per session) for the previous 49 years (range 40-60 years). After adjusting for age and functional status, the number of medications taken per subject was lower in the TE group. Long-term training was also associated with lower numbers of total medical diagnoses per subject than the SE group, with statistical differences nearly significant. Analysis of the data showed that there were no significant differences between groups based on cognitive impairment, dementia, osteoporosis, depression, heart failure, ischemic heart disease, rheumatoid arthritis, cancer, liver disease, hyperthyroidism, dyslipidemia, and diabetes. In addition, TE group presented a lower incidence of hypertension (p=0.039) and chronic obstructive pulmonary disease (p=0.030) than SE group.
Cellular inflammatory biomarkers
As shown in Table 2 , WBC levels were significantly lower in the trained subjects than in the sedentary ones. A significant decline in blood levels of NEU associated with physical activity was also observed when we compared the TE group to the SE group. No statistical difference was observed between the sedentary versus active elderly groups in the MONO or LINF levels.
Serological inflammatory and endocrine biomarkers
As shown in Table 3 , long-term training was associated with a decline in the cytokines IL-6, IL1ra, IL-10, and sTNF-RI, and higher values of the chemokine MCP-1. There was no statistical difference in TNF-α, IL-1β, sIL-6R, or sgp130 levels between the SE and TE groups. Regarding endocrine biomarkers, we observed an increase in IGF-1 plasma levels associated with long-term training. Likewise, DHEA levels were significantly higher in the TE group compared with the SE group. Although there were high differences in the means of GH concentrations between groups, no statistical difference was observed.
Because chronic inflammation and endocrine decline are associated with morbid conditions, additional analysis was conducted to determine whether the incidence of chronic diseases alters the relationship of biological markers and long-term training. When we applied this statistical analysis, all inflammatory and endocrine parameters studied remained statistically significant (data not shown).
Discussion
In the current investigation, we compared two groups of men older than 65 years who maintained a degree of independence. One group consisted of sedentary subjects without a history of regular physical activity and the other group designed to investigate the effects of long-term exercise on the elderly and consisted of subjects who had a history of long-term training and who initiated training during adulthood. The main finding of the current investigation is that long-term training from adulthood to old age induced a healthy profile of emergent geriatric biomarkers in elderly men. Age and BI showed statistically significant differences between groups. Because levels of inflammatory and endocrine biomarkers are intimately associated with age and functional status, we adjusted all biomarkers by these parameters. After eliminating the possible interference of the difference in age and BI between groups on the studied biological markers, the participants with the history of long-term physical activity displayed lower concentrations of the following inflammatory biomarkers: WBC (percentage of change 31%), NEU (36%), IL-6 (76%), IL-1ra (49%), sTNF-RI (42%), and IL-10 (26%). We noted an increase in the concentration of the anabolic hormones DHEA (46%) and IGF-1 (88%) in the TE group. Long-term exercise was also associated with an increase in MCP-1 level (60%). Furthermore, longterm exercise was associated with reduced medication intake per subject and a decreased number of diseases per subject with statistical differences nearly significant, both conditions associated with a better quality of life. Taken together, our results suggested that long-term training is associated with a healthy profile of emergent geriatric biomarkers and could improve the inflammatory-endocrine imbalance associated with disease, frailty, functional decline, and mortality in elderly men. Inflammatory responses to specific insults involve a cascade of well-defined and distinct cellular and molecular events. Because cytokines, chemokines, and immune cells work in networks, the effects of individual mediators on physiological functions depend on their place within the network (Hotamisligil 1999) . Crosssectional single inflammatory mediator measurements likely do not reflect the true complexity of relevant inflammatory processes in vivo (Leng et al. 2008 ). The analysis of multiple inflammatory biomarkers could provide a reliable general view of clinical status (Hsu et al. 2009 ). Therefore, we have investigated the impact of long-term exercise in several cellular and serological inflammatory biomarkers.
Leukocytes are important cellular components of the inflammatory system. Increased WBC is a wellrecognized cellular marker of systemic inflammation, primarily due to acute infection. Studies have demonstrated that high total WBC is associated with a greater risk for cardiovascular disease and mortality (De Martinis et al. 2006) . However, relatively little is known about the alterations in total leukocyte population and leukocyte subpopulation levels in long-term exercising elderly subjects. Excluding potential acute infection, the current data showed that long-term training is associated with a decline in WBC in elderly men. We also reported a decrease in NEU levels, but not in MONO or LINF levels, in the TE group. These results are in line with previous investigations reporting lower levels of inflammatory cellular biomarkers in physically active elderly populations (Wannamethee et al. 2002; Elosua et al. 2005) . Our finding indicated that long-term training seems to be associated with a reduction in the total number of leukocytes. Moreover, because we only TNF-α tumor necrosis factor-α, sTNF-RI soluble TNF receptor-I, IL-1β interleukin-1β, IL-1ra interleukin-1 receptor antagonist, IL-10 interleukin-10, IL-6 interleukin-6, sIL-6R soluble interleukin-6 receptor, sgp130 soluble gp130, MCP-1 monocyte chemoattractant protein-1, DHEA dehydroepiandrosterone, IGF-1 insulin-like growth factor, GH growth hormone All data are presented as means (SD) observed a significant decline in NEU, these results revealed differential responses of the distinct leukocyte subpopulations to long-term training. Concerning serological biomarkers, we reported a significant decrease in the concentrations of the cytokines IL-6, IL-1ra, IL-10, and sTNF-RI in the TE group compared to the SE group. Our data are consistent with emerging evidence that physical activity results in a reduced inflammatory state in the elderly population (Bruunsgaard 2005; Elosua et al. 2005) . These data have important clinical implications. Persistent elevation of systemic inflammation biomarkers, even within the clinically normal range, is prospective risk factor for adverse health conditions in elderly subjects (Nicklas and Brinkley 2009) . Likewise, Stowe and colleagues (Stowe et al. 2010) proposed that successful aging is intimately associated with lower levels of cytokines, such as IL-1ra. Interestingly, we have also demonstrated that the concentration of the chemokine MCP-1 was increased in the TE group compared to the SE group. These data may be controversial. MCP-1 has been identified as both a traditional risk factor for atherosclerosis as well as a risk factor for death and myocardial infarction (de Lemos et al. 2003) . It has been reported that significant reductions in MCP-1 after a 12-week training program were observed in exercised individuals (Troseid et al. 2004 ). However, because exercise plays a role in physiological repair and/or compensatory mechanisms to promote angiogenesis and vascular regeneration (Wardyn et al. 2008) , and MCP-1 has been recognized as an angiogenic chemokine (Niu et al. 2008) , it could be conceivable that long-term training could cause an increase in MCP-1. It is important to note that investigations based on longterm exercised subjects are scarce; therefore, in light of the present results, these data deserve a more detailed investigation.
In the current investigation, we have shown similar values of TNF-α and IL-1β in the SE and TE groups. These results are surprising because elevated levels of TNF-α and IL-1β have been associated with agerelated decline (Bruunsgaard et al. 1999 (Bruunsgaard et al. , 2003 Chung et al. 2009 ). It would be interesting to speculate about local anti-inflammatory effects of training that may not be evident in the systemic circulation but that may be relevant to clinical outcomes (Beavers et al. 2010b) . Indeed, Gielen and colleagues (Gielen et al. 2003) reported that 6 months of exercise training did not reduce TNF-α or IL-1β serum levels in male patients with congestive heart failure but did reduce gene expression of TNF-α and IL-1β in skeletal muscle. Furthermore, Pedersen (2009) reported that the cytokine cascade induced by exercise is independent of TNF-α and IL-1β. The fact that TNF-α and IL-1β did not change with long-term training could be in line with the hypothesis proposed by this author.
Soluble receptors for several cytokines, such as sTNF-Rs, are believed to modulate the cytokine response by binding the ligand, thereby reducing its bioavailability or, such as IL-1ra, competing with IL-1β for receptor interaction. In the case of IL-6, the situation is more complex. IL-6 receptor (IL-6R) is only present on a comparatively small number of cells: hepatocytes, monocytes, neutrophils, and some T-and B-cells (Kallen 2002) . For IL-6 to signal in tissues where membrane IL-6R expression is low or absent, a soluble receptor form, sIL-6R, exists (Memoli et al. 2005) . In the circulation, IL-6 can combine with sIL-6R to form an IL-6/sIL-6R complex, which increases the half-life of IL-6 and allows signaling to occur in tissues devoid of membrane IL-6R, a process termed "trans-signaling" (Kallen 2002 ). This complex can be rendered inactive by a soluble form of the gp130 receptor (Giuliani et al. 2001) . Although there is an abundance of research characterizing the response of IL-6 to exercise (Colbert et al. 2004; Jankord and Jemiolo 2004; Bruunsgaard 2005; Goldhammer et al. 2005; Pedersen and Febbraio 2008) , few studies have investigated the influence of physical activity on sIL-6R and sgp130 levels (You et al. 2004; Gray et al. 2009; Beavers et al. 2010b) . This is somewhat surprising because these regulatory cytokines have been shown to be crucial in determining the biological activity of IL-6 and in the pathology of many chronic inflammatory diseases, such as cancer, osteoporosis, sarcopenic obesity, and cardiovascular disease (Kallen 2002; Schrager et al. 2007 ). In the current study, we show similar sIL-6R and sgp130 levels in the SE and TE groups. However, plasma IL-6 concentration decreased with long-term training. The present data could indicate that longterm exercise modulated the trans-signaling phenomenon altering IL-6 blood concentration, but not sIL-6R or sgp130 levels. Indeed, sIL-6R and sgp130 have been reported to fluctuate much less than IL-6 (Maggio et al. 2006) . Therefore, as Gray and colleagues (Gray et al. 2009) proposed, IL-6 could likely be the limiting factor in the transsignaling process. Considering the paucity of literature on the subject, our findings provide additional information about IL-6, sIL-6R, and sgp130 levels in long-term exercising elderly subjects and about the role of IL-6 in the regulation of inflammatory processes.
Because low-grade inflammation and endocrine decline are intimately associated, we analyzed the endocrine mediators IGF-1, DHEA, and GH in both study groups. The GH levels of the groups were not statistically different, a finding that likely resulted from the small sample size. However, we observed elevated IGF-1 and DHEA concentrations in the TE group compared to the SE group. Our data indicated that long-term exercise is associated with higher levels of IGF-1 and DHEA. These results are in agreement with several studies that have shown increases in hormone concentrations and anabolic cytokines, such as interleukin-15, in more active elderly subjects (Tissandier et al. 2001; Nielsen et al. 2007; Aldred et al. 2009 ). This situation could be unclear because the role of IGF-1 and IGF receptor in association with longevity and cancer survival remains controversial (Suh et al. 2008) . Nevertheless, the data indicated that long-term exercise could be a serious strategy to increase the levels of anabolic mediators in the elderly population. These results have important clinical consequences because the decline in anabolic hormones increases the risk of adverse outcomes in elderly subjects (Joseph et al. 2005; Maggio et al. 2005 Maggio et al. , 2007 Maggio et al. , 2010 .
Due to the ubiquitous nature of low-grade inflammation and endocrine decline as an underlying risk factor for adverse outcomes in the elderly population, long-term training could be effective in treating multiple adverse health conditions. Indeed, our results point to the benefit of prolonged exercise from adulthood to old age. We have shown a significant decrease in the number of diseases, with statistical differences nearly significant, and medications taken in elderly men engaging in longterm regular exercise compared to sedentary ones. Furthermore, although subclinical inflammation and endocrine decline are thought to be important contributors to age-related disease, there are no known definitive treatments for reducing these conditions in the elderly. The use of antiinflammatory medications or substitutive hormonal therapies may induce a beneficial response, but the side effects of these medications are likely to reduce their clinical application for the ongoing treatment of inflammatory-endocrine imbalance (Grundy et al. 2005; Nicklas and Brinkley 2009; Clayton et al. 2010 ). Long-term regular exercise seems to be an important alternative to long-term pharmacological treatments.
Several limitations of this study must be considered. The primary limitation of this study is the small sample size due to the problems of finding elderly subjects with the training characteristics presented in this study. A population sample >13 participants would have been desirable. Second, we sample blood from sedentary participants who were institutionalized; this may have biased the study results because it is likely that these subjects would have higher disease levels (Bonanini et al. 2008) . To minimize this situation, we studied well-functioning sedentary subjects (BI=94±6). Finally, the questionnaire to determine the characteristics of training is based on participant recall; therefore, we tried to make it as simple as possible. It is difficult to establish the training history after a mean training period of 49± 8 years. Our intention was analyzed an overview of long-term training without going in specific details. The questionnaire required that the participant provide data of past and current physical activities. Furthermore, we only characterized the modalities of endurance or resistance exercise, which are the main kinds of exercise. Because the training-specific adaptations are related to the nature (aerobic-based, resistance-based, balance-based training), intensity, and duration of the exercise training (Chodzko-Zajko et al. 2009 ), current report is not able to propose a reliable long-term training program to counteract agerelated decline. Cautious interpretation of these results is warranted.
Despite these limitations, the results of this study have important clinical and conceptual implications. We show that long-term exercise from adulthood to old age appears to be an important nonpharmacological intervention that clearly induces a health profile of disease-, frailty-, and mortalityrelevant emergent biomarkers. Moreover, long-term training seems to improve the inflammatory-endocrine imbalance in elderly men. Future investigations should study a large long-term exercised sample to corroborate present results.
